The e f f e c t s of processing d i g i t a l s i g n a l s t h a t were obtained by saxpling continuous-time waveforms a t l e s s than t h e Nyquist r a t e a r e reviewed. The reasoning for considering t h e process i s d i scussed and s e v e r a l a p p l i c a t i o n s a r e presented.
I n t r o d u c t i o n
Most measurement systems which implgoent d i g i t a l s i g n a l processing techniques c o n t a i n anti-al.i.asing f i l t e r s which i n s u r e t h a t t h e continuous-time s i g n a l (wnveform) i s being sampled a t a r a t e equal t o or g r e a t e r than t h e Nyquist r a t e . This guarant e e s t h a t t h e f i l t e r e d continuous-time s i g n a l can b e recovered e x a c t l y from i t s samples, i . e . , a l l t h e information contained i n t h e f i l t e r e d continuous-time s i g n a l i s contained i n t h e samples. This approach p a r a l l e l s t h e treatment of most introductory t e x t books on t h e s u b j e c t which t y p ic a l l y i n t r o d u c e s t h e b a s i c s of sampling t h e o r y i n an e a r l y chapter. Then, i n t h e l a t e r c h a p t e r s , it i s assumed t h a t t h e d i g i t a l s i g n a l being processed has been obtained by sanpling a t a r a t e equal t o or g r e a t e r than t,he Nyquist r a t e . This allows t h e t e x t t o p a r a l l e l t h e development of d i g i t a l s i g n a l processing theory t o t h e r e a d e r ' s previous expos u r e t o continuous-time s i g n a l processing theory.
The processing of' undersampled s i g n a l s (sampled a t l e s s than t h e Nyquist r a t e ) i s very seldom considered.
Since sampling at. or above t h e Nyquist r a t e preserves a l l of t h e information contained i n t h e continuous-time waveforms, why consider processing samples t h a t do n o t ? i s two-fold. F i r s t , not a l l of t h e information contained i n t h e continuous-time s i g n a l i s d i st o r t e d by undersaxpling. if t h e g e n e r a l c h a r a c t e r i s t i c s o f t h e s i g n a l being sampled a r e known. Secondly, off-the-self i n s t r uments ( h i g h speed d i g i t a l voltmeters) e x i s t which have a l a r g e r bandwidth t h a t t h e f o l d i n g frequency allowed by t h e tkroughput r a t e of t h e d i g i t a l syst e m (computer) c o l l e c t i n g and processing t h e Samp l e s . g r e a t e r than t h e f o l d i n g frequency, i . e . , a continuous-time s i g n a l can be undersampled by such a aystem e
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The p r i n c i p l e s of snmpline theory and t h e e f f e c t s of t h e sampling i n t e r v a l on t h e frequency content of t h e d i g i t a l s i g n a l s a r e covered i n d e t a i l 5n most t e x t books on t h e s u b j e c t (1,Z) and, for the sake of b r e v i t y , a r e n o t repeated here. I n gene r a l , however, t h e portion of a sampled continuous-time s i g n n l with s , e c t r a l comFonents above t h e f o l d i n g frequency i s i n d i s t i n g u i s h a b l e from a d i f f e r e n t set of f r e q u e n c i e s which a r e less than t h e f o l d i n g frequency. c a l l e d a l i a s e s of one another and t h e process of confounding frequencies i s c a l l e d a l i a s i n g , I t can be shown t h a t a s i n u s o i d a t a frequency, f , whicl: i s g r e a t e r than t h e f o l d i n g frequency, f,/2, ( f s = sampling frequency) a l i a s e s a frequency. f a , a s shown below.
rhese frequenci AS a r e where k i s an i n t e g e r such t h a t 0 6 fa L f s / 2 t h e following sub-sections i l l u s t r a t e how import a n t s i g n a l c h a r a c t e r i s t i c s can b e obtained by t a k i n g advantage of t h i s r e l a t i o n s h i p .
Harmonic D i s t o r t i o n
The a e r c e n t harmonic d i s t o r t i o n of a continuoust i m e s i g n a l can be c a l c u l a t e d i f t h e amplitudes of t h e fundamental frequency, f , and a l l of i t s i n t eg e r m u l t i p l e s (harmonics) are known. t h e spectrum of a s i g n a l being a n a l i z e d f o r percent harmonic d i s t o r t i o n c o n t a i n s only t h e s e components and t h e fundamental frequency i s known. s i g n a l contains a f i n i t e number of harmonics with s i g n i f i c a n t amplitudes and t h e sampling frequency, f,, i s chosen t o s a t i s f y t h e following equation I n g e n e r a l ,
where N i s t h e number of t h e largest m u l t i p l e of f t h a t has s i g n i f i c a n t amplitude and M i s an i n t e g e r . then f w i l l a l i a s fs/2N when sampled.
harmonic of f will alj.as kf,/2N. 
